Although knowledge of the structure of simian virus 40 (SV40) mRNAs is advanced, numerous questions related to both structure and biogenesis remain. In earlier studies on the structure of wild-type viral late mRNAs, we brought out two unexpected findings. The first was the presence in cytoplasmic extracts of infected cells of polyandenylylated 19S RNAs lacking any of three alternative splices present in the 5' portion of the majority of 19S mRNAs (1). These "unspliced" RNAs constituted up to 10% of total cytoplasmic 19S RNAs and were also identified on polysomes prepared by standard procedures. However, questions remained as to whether they might still be nuclear in origin or spliced in a downstream region. Furthermore, studies with SV40 recombinants suggested that splicing was required for formation of stable mRNAs (2-4). The second surprising finding was marked heterogeneity of the 5' termini of the late viral RNAs (1, 5). For late 19S RNAs, we detected at least five major 5' termini and, for late 16S RNAs, two definite termini and probably several others. Although these findings were initially controversial, additional studies have supported 5'-terminal heterogeneity of the late RNAs (6-8).
Although knowledge of the structure of simian virus 40 (SV40) mRNAs is advanced, numerous questions related to both structure and biogenesis remain. In earlier studies on the structure of wild-type viral late mRNAs, we brought out two unexpected findings. The first was the presence in cytoplasmic extracts of infected cells of polyandenylylated 19S RNAs lacking any of three alternative splices present in the 5' portion of the majority of 19S mRNAs (1) . These "unspliced" RNAs constituted up to 10% of total cytoplasmic 19S RNAs and were also identified on polysomes prepared by standard procedures. However, questions remained as to whether they might still be nuclear in origin or spliced in a downstream region. Furthermore, studies with SV40 recombinants suggested that splicing was required for formation of stable mRNAs (2) (3) (4) . The second surprising finding was marked heterogeneity of the 5' termini of the late viral RNAs (1, 5) . For late 19S RNAs, we detected at least five major 5' termini and, for late 16S RNAs, two definite termini and probably several others. Although these findings were initially controversial, additional studies have supported 5'-terminal heterogeneity of the late RNAs (6) (7) (8) .
As a follow-up to our earlier studies, we have been investigating the late RNAs of a series of SV40 late leader deletion mutants (9, 10) . We have found that 25% or more of the 19S RNAs produced by several mutants lack a 5'-terminal splice. This report deals with mutant dl-805, which is especially interesting because most, if not all, of its polyadenylylated cytoplasmic and polysomal 19S RNAs are unspliced over their entire lengths. Furthermore, the late RNAs of this mutant lack 5' termini at residue 243 (325 §), the principal 5' terminus of the wild-type late RNAs; instead, they begin principally at a series of genomic sites used infrequently or not at all by wild-type SV40. Despite synthesis of 16S and 19S mRNAs with altered structure, this mutant produces all three late viral proteins and virions that are structurally similar to those of wild-type virus. Unlike the only other unspliced mRNAs reported, histone (14) and adenovirus protein IX (15) mRNAs and one specific human interferon mRNA (16) , the unspliced SV40 19S mRNAs contain intervening sequences.
MATERLALS AND METHODS
Derivation of dl-805 (17) and the sequence of its late leader template (11, 18) have been described. dl-805 was grown in confluent Vero African green monkey kidney (AGMK) cells infected at 0.1 plaque-forming unit/cell for virion production and 10-20 plaque-forming units/cell for RNA production. For recovery of RNA, cells were harvested 40-44 hr after infection and lysed by 10-min exposures with gentle swirling to either hypotonic or isotonic medium (10 mM and 140 mM NaCl, respectively, in 10 mM Tris-HCl, pH 7.5/3 mM MgCl2) containing 0.5% Nonidet P-40. After lysis, nuclei were pelleted and cytoplasmic RNA was extracted as described (1) . Polysomes were isolated from cytoplasmic supernates by addition of sodium deoxycholate to 0.5% and sedimentation in 7.5-45% sucrose gradients in hypotonic buffer at 25,000 rpm for 225 min in an SW27 rotor. Oligo(dT)-cellulose-purified polyadenylylated RNAs were used in all experiments.
Nucleotide sequences of selected regions of the dl-805 late RNAs were determined by synthesis of complementary DNAs labeled in the 5' position, separation of cDNAs on 8% polyacrylamide/7 M urea gels, and sequence analysis of individual cDNAs (1, 19 To investigate the nature of internal splices and determine the genomic localizations of the 5' termini of the dl-805 RNAs, the 10 numbered cDNAs from Fig. 2b were subjected to nucleotide sequence analysis. All contained sequences colinear with SV40 DNA to their 3' termini (Fig. 3) . Together, the 10 cDNAs analyzed constitute 80-90% of the total dl-805 cDNAs. Thus (2) (3) (4) .
In view of this controversy, the most provocative finding of our present studies is that most, if not all, cytoplasmic and polysomal late 19S RNAs of mutant dl-805 are unspliced over their entire length. Given the absence of any detectable spliced 19S RNAs in mutant infected cells, it is difficult to escape the conclusion that the unspliced 19S RNAs serve as mRNAs for synthesis of the mutant VP2 and VP3 capsid proteins. Furthermore, because at most 1-2% of early cytoplasmic RNAs extracted under hypotonic conditions from SV40-infected or SV40-transformed cells are unspliced, we also suspect that the unspliced 19S late RNAs previously described in cytoplasmic extracts and on polysomes of cells infected with wild-type virus are bona fide mRNAs and not nuclear contaminants.
Unspliced mRNAs are not restricted to the SV40 system. Unspliced mRNAs coding for cellular histones have been recognized for some time (14) and recent studies indicate that adenovirus protein IX mRNA (15) and one human interferon mRNA (16) (Fig. 1) . Extension of the dl-805 deletion to within nine nucleotides of residue 444 may be important in abolition of splicing of the 19S RNAs, but this explanation cannot by itself account for lack of splicing because mutant dl-1613, with a deletion spanning residues 420-440 (502-522), makes 19S RNAs with the three wild-type splices (10) .
We have pointed out that neither 16S nor 19S mutant RNAs terminate at residue 243, the predominant 5 
